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Navy Sea Ice Forecasting -
Recent Updates and Future
Plans
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Naval Research Laboratory (NRL) Ice team:
Pam Posey, Ruth Preller, Rick Allard, Joe
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ACNFS consists of 3 components:

Ice Model: Community Ice CodE
(CICE)

Ocean Model: HYbrid Coordinate
Ocean Model (HYCOM)

Data assimilation: Navy Coupled
Ocean Data Assimilation (NCODA)

Declared operational Sept 2013

Runs daily at the Naval
Oceanographic Office (NAVO)

ACNEFS produces nowcast/7-day
forecasts of ice concentration, ice
thickness, ice drift, sst, sss and ocean
currents for the Northern Hemisphere

Products pushed daily to the U.S.
National Ice Center (NIC) and NOAA
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M. Arctic Cap Nowcast/Forecast System
) (ACNFS)

www7320.nrlssc.navy.mil/hycomARC

¢0.08-04.0 Ice Concentration (%): 201506(

Grid Resolution ~3.5 km North Pole

Black line is the independent ice
edge location (NIC). Animation spans
June — July 2015



Global Ocean Forecast System
(GOFS 3.1)

« 1/12°global two-way coupled HYCOM-CICE modeling system with
data assimilation

— Uses HYCOMY/CICE/NCODA like ACNFS but with improved
HYCOM and NCODA

— Currently undergoing operational testing by NAVO/NIC
— After GOFS 3.1 becomes operational, it will replace ACNFS

— Added capability of forecasting ice conditions in the southern
hemisphere

GLBb0.08-29.2 Ice Concentration: 20140101

Ice Ice Sea Surface Sea Surface
Concentration (%) Thickness (m) Salinity (psu) Temperature (C) 3
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Observations used in the Navy’s
assimilation scheme

Navy Coupled Ocean Data Assimilation (NCODA)

Sequential Incremental Update Cycle
Analysis-Forecast-Analysis

SST: GAC/LAC

MCSST, GOES,

Ship, Buoy Ocean QC Innovations
Profile: XBT, CTD, _

PALACE Float,
Fixed Buoy,
Drifting Buoy As of Feb 2015: 3D

AMSR?2 ice concentration

_ ncrements
Altimeter SSHA and NIC’s ice mask also

real-time

Var
SSMI/I Sea Ice used in operations
Global Telecommunication System (GTS) | \ HYCOM
— collection and distribution of observations in [ EISS CICE

3Dvar - simultaneous analysis ice concentration and 5 ocean

variables: temperature, salinity, geopotential, layer pressure,
velocity (u,v)

Impacts of an Ice-Diminishing Arctic



Implementing high resolution satellite
data into Navy’s forecast systems

Since the late 1990’s, DMSP SSMI and then SSMIS
ice concentration (25km) has been assimilated in the
Navy’s ice forecast systems.

Passive microwave sensors have a known problem
identifying melt ponds as open water which leads to
underestimating sea ice especially during the
summer.

Developed technique with National Snow and Ice
Data Center (NSIDC) to assimilate: AMSR2 (10km)
and NIC’s Interactive Multisensor Snow and Ice
Mapping System (IMS) ice mask (4km).

ACNFS Ice Concentration ACNFS Ice Concentration
15 Aug 2012 15 Aug 2012
SSMIS only AMSR2 and IMS
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Dark line is NIC’s
ice edge location

Kilometers

ACNFS | Daily Mean Ice Edge Error | Bering/Chukchi/Beaufort Seas
July 2012 - July 2013

--- SSMIS/S [Mean = 63 km]
--- AMSR2 [Mean = 40 km]
---AMSR2 + IMS [Mean = 33 km]

The blended product (black) during the
summer period (Aug/Sep) shows the
greatest reduction in daily mean error.
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Sensitivity studies assimilating
SSMIS, AMSR2 and IMS data
sources were completed.

Adding in new data sources
(AMSR2 and IMS), overall ice
edge errors in the Arctic were
reduced by 36% and 56% (year
and summer, respectively).
Submitted paper to “The
Cryosphere” — Posey et al., 2015

New data sources implemented into
ACNFS and GOFS 3.1 on 2 Feb 2015.




Fractures, Leads and
Polynyas (FLAP)

NIC provides on-demand FLAP information to

SUBFOR prior to/during Arctic transit to indicate areas

of ice openings

Needed when surfacing for communications and Indicates areas)of

» Fractures/Leads (green)

emergencies e 3
Constructed by analysts using available satellite data & mageriay | /S
Evaluation of ACNFS/GOFS 3.1 FLAP-product i
matched 80-90% of NIC FLAP messages from 2014

Completed operational testing by NIC — June 2015

MODIS image (left) vs ACNFS opening rate (right) off the northern
coast of Greenland - 20 April 2012
= . i P ; 2
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Notional FLAP drawing

Ly Ny

Forecasting FLAPS
products —
Green indicates FLAP areas




Sea Ice Prediction Network (SIPN)
Sea Ice Outlook (SIO) 2015

2015 Sea Ice Outlook: June Report
GOFS 3.1 (5.2 Mkm?)

coupled system
(5.07 Mkm?)

4.99 503 5.06 507 51
A = —_— Median of June

Sept. Ave 201

5.15 517 5.2 52 522 Sept. Avudgc 2014

2015 SIO June
median estimate:
5.0 Mkm?

What will be 2015
Sept min?
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Outlook Method Key
Outlook Contributor Statistical

*Public Outlook
- Modeling

Heuristic

http://www.arcus.org/sipn/sea-ice-outlook incd/Malle thod




New this year in the Sea Ice Outlook!

Estimate the First Ice Free Day:

270
x| | 17 Sep 2015
250

Estimate the September Sea Ice
Coverage Probability:

240
230
210

200
190
10| § 29 Jun 2015
170

Additional task for the sea
ice modeling team: Initialize

from PIOMAS ice
thickness




* Nov 2011-Jan 2012:

ACNFS products provided
guidance for convoy (CG A
Healy and Russian tanker) to gi

dehver 103 M ga”O| ) Of fuel ; g ’ é;‘ér\lghtPlan ‘ ” ; S
& b A { Jan 2014 ACNFS Ice Thickness .
to Nome Alaska. —

OIB plane - Fairbanks
March 2013

* Provided ACNFS products to
assist in NASA Operation Ice
Bridge pre-flight planning.

* Provided ice forecast
products to ONR Marginal
lce Zone (MIZ) field work
March — Sept 2014.



NRL’s real-time support — Summer 2015

A regional high resolution (2 km) loosely coupled
air/ocean/ice (with data assimilation) has been set
up to support Healy operations from July 3 — Oct 12,
2015.

 Products are made available to the NIC and US
Coast Guard.

\e + In addition, the ONR Sea State DRI participants will
have access to the products through early Nov.

Navy’s first real-time production capability using a
US Arctic GEOTRACES regional sea ice system with high resolution

o approxCLIVAR

e  atmospheric forcing for an extended period of time.

Sample NRL regional ice products
Ice Thickness (m) Ice Concentration (%) Ice Drift (m/s)

https://cavu.nrimry.navy.mil/COAMPSOS 10



Future operational products:
GOFS 3.5

« 1/25°global two-way coupled HYCOM-CICE modeling system
with data assimilation including tides
« Resolution 1.75 km at the North Pole (double res of GOFS 3.1)
» Hindcast simulations are currently underway from Jan 2014 forward

* Transition to NAVO scheduled for FY17

GOFS 3.5 Ice Concentration (%) GOFS 3.5 Ice Thickness (m)
15 March 2014 15 March 2014
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Future operational products:
Earth System Prediction Capability
(ESPC)

National, multi-agency collaborative effort to

leverage resources to develop the next GOFS 3.1 seasonal
ice forecast

generation whole earth prediction system
Includes components: 48
atmosphere/ocean/ice/waves/land/aerosol e o
Runs in fully coupled mode including an N
ensemble prediction capability

Provide guidance in forecasting:

— Arctic sea ice extent and seasonal ice free date
— Extreme weather events

— Extend lead-time for tropical cyclone prediction

Navy’s ESPC first generation system is scheduled to be
running in real-time by 2018. 12




Summary

-92.4 Ice Concentration (%):

GOFS 3.1 Ice Concentration
20150706

Operational ice forecast systems
— ACNFS (current operational system)
— GOFS 3.1 (will soon replace ACNFS)

Improving forecast and new products
Sea Ice Outlook — seasonal forecasts

Products used in mission support

— HEALY summer cruises
— ONR DRI fieldwork
— NASA IceBridge

Ongoing Research

— Relocatable regional systems
— GOFS 3.5

— ESPC (fully coupled whole earth system)
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